The ability of different metal ions to promote transformation of Pseudomonas aeruginosa by deoxyribonucleic acid of the plasmid RP1 was examined. CaCl2, MgC92, and MnCl2 were found to promote such transformation, although at different frequencies and with the optimum response at different concentrations. Only MgCl2 promoted transfection of P. aeruginosa by the linear deoxyribonucleic acid of phage F116. CaCl2 was demonstrated to allow adsorption and entry into the cell of F116 deoxyribonucleic acid such that it became resistant to exogenous deoxyribonuclease, but phage production occurred only when MgCl2 was provided. Inactivation of linear phage deoxyribonucleic acid taken up in the absence of MgCl2 was observed. The transfection frequencies at various concentrations of MgCl2 were compared, and the optimum response occurred at the concentration which promoted the highest frequency of transformation by RP1 deoxyribonucleic acid.
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A wide variety of techniques has been used to allow the uptake of phage DNA by Escherichia coli (for review see Benzinger [1] ). One of the techniques was that of Mandel and Higa (11) , who showed that treatment with cold calcium chloride enabled E. coli to take up the purified DNA of phages lambda and P2 and to produce viable phage. Although the highest efficiencies of transfection were not obtained by this particular technique, it does have the advantage of being a simple system in which the bulk of the cells remain viable. Recent work has shown that purified plasmid DNA and chromosomal DNA will also transform E. coli after cold CaCl2 treatment (4, 5) . Successful transformation of E. coli by linear DNA was achieved by using a recB recC recipient with recombination proficiency restored by an additional suppressor mutation such as sbcA or sbcB (5) .
Genetic transformation of Pseudomonas aeruginosa with linear chromosomal DNA has been reported (7) , but this work has proved difficult to repeat (2, 19) . In a recent report (19) , the Ca2+ technique was adapted to P. aeruginosa so as to allow transformation by the DNA of the plasmid RP1. In the same report, it was also observed that MgCl2 could be used in place of CaCl2 to allow transformation of RP1 DNA.
Mercer and Loutit (13) have shown Ca2+-dependent transformation of P. aeruginosa strain 1 by the plasmid RP1 and also by DNA of the conjugative plasmid FP2. In a subsequent report (14) , they observed that treatment with MgCl2 allowed a restrictionless mutant of P. aeruginosa strain 1 to be transfected by the DNA of phage F116 and transformed by purified chromosomal DNA. In this paper we compare the response of CaCl2-treated and MgCl2-treated cells of P. aeruginosa to circular plasmid DNA and linear phage DNA. In addition, the processes of uptake and expression of linear phage DNA are investigated.
MATERIALS AND METHODS
Bacterial and bacteriophage strains. OT683, a restrictionless derivative of P. aeruginosa strain 1 (14) was used as the recipient in plasmid DNA transformation studies. In transfection studies, however, a Res' derivative of strain 78, OT500 (12) , was generally used. Transfection was performed by using DNA of the generalized transducing phage of P. aeruginosa, F116 (6) . Plasmid RP1 was obtained from D. F. Bacon, Massey University, Palmerston North, New Zealand.
Media. Growth media used were brain heart infusion broth (Difco Laboratories), supplemented with 4 g of potassium nitrate per liter, and Luria broth (18) . Where a solid medium was used, brain heart infusion broth (Difco) was solidified with 2% Davis agar.
Preparation of phage and plasmid DNA. Phage F1 16 was grown and harvested as described by Booker and Loutit (2), using OTIOO (10) (Fig. 1) . Figure 1 also demonstrates the considerably higher frequency of transformation achieved after treatment with MgCl2. The frequency of transformation in response to various concentrations of MnCl2 followed a curve very similar to that shown for CaCl,. The carbenicillin-resistant clones recovered after transformation by RP1 DNA also acquired resistance to the other resistance markers of the plasmid, namely, tetracycline, kanamycin, and ampicillin. These resistances were transferred by conjugation at a frequency of 1 per 105 donor cells, when mated by the procedure of Loutit and Marinus (10) . When a transformed clone was examined by agarose gel electrophoresis of a crude lysate, it was found to have acquired a DNA satellite band which was not present in the untreated carbenicillin-sensitive parent. This band had the same mobility as the satellite band present in a strain carrying RP1 and the same mobility as a sample of purified RP1 DNA.
Transfection by F116 DNA. In the light of studies on the uptake of linear DNA by E. coli (5) , it was thought that transfection of P. aeruginosa by linear phage DNA after CaCl2 treatment was not likely to be successful. However, the stimulation of plasmid DNA transformation of P. aeruginosa by Mg2> encouraged us to examine the effect of this metal ion on linear DNA transfection. Miller et al. (17) reported that the DNA of phage F116 is a linear duplex of molecular weight (38.0 + 2) x 10", and this phage was used for the investigation. The results (Fig. 2) show that continued incubation at 37°C in the presence of CaCl2 and absence of MgCl2 drastically reduced the level of transfection observed. This falloff in the level of transfection was considerably less when the prolonged heat pulse was performed in the constant presence of 0.15 M MgCl,.
The results presented are the average of three separate experiments, and although there was considerable experiment-to-experiment variation, the levels observed with incubation in the constant presence of MgCl2 were always higher than the corresponding levels achieved with the later addition of MgCl2. The low value after 12 min in the presence of MgCl2 alone is not regarded as significant. The falling levels of transfection observed with increasing incubation in the absence of MgCl2 were consistent with the F116 DNA being inactivated by some agent, possibly a DNase. Presumably, 0.05 M CaCl2 (unlike 0.15 M MgCl2) was unable to protect linear DNA from inactivation by this unknown agent.
Optimum MgCl2 concentration for F116 DNA transfection. Although transformation by circular plasmid DNA had been shown to have an MgCl2 optimum of 0.15 M, it was conceivable that transfection by linear phage DNA might respond optimally to some other concentration of MgCl2. It was also possible that each of the two major stages of transfection-adsorption at 0°C and uptake at 37°C-might have a different MgCl, optimum.
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